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Abstract 
Heart sound is one of the most important signals. However, the process of getting heart sound signal can be interfered 
with many factors outside. Heart sound is weak electric signal and even weak external noise may lead to the 
misjudgment of pathological and physiological information in this signal, thus causing the misjudgment of disease 
diagnosis. As a result, it is a key to remove the noise which is mixed with heart sound. 
In this paper, a more systematic research and analysis which is involved in heart sound denoising based on matlab has 
been made. The study of heart sound denoising based on matlab firstly use the powerful image processing function of 
matlab to transform heart sound signals with noise into the wavelet domain through wavelet transform and 
decomposition these signals in muli-level. Then for the detail coefficient, soft thresholding is made using wavelet 
transform thresholding to eliminate noise, so that a signal denoising is significantly improved. The reconstructed signals 
are gained with stepwise coefficient reconstruction for the processed detail coefficient. Lastly, 50HZ power frequency 
and 35Hz mechanical and electrical interference signals are eliminated using a notch filter 
© 2011 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of [name organizer] 
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1.  Introduction 
Heart sound is one of the important signals which are used to detect cardiac performance, and 
physiological and pathological information. When heart sound signals are collected, however, it is inevitable 
to receive the noise around, such as EMI, power frequency interference, electrical interference with the 
human body, breath sounds and lung sounds interference and so on. As a result, the collected signals are 
mixed. The referred noise can sometimes contaminate the effective information significantly and bring 
about the missing of the effective information, which is disadvantageous to extract corresponding 
pathological information. On the purpose of reducing the missing of useful information, denoising is crucial 
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for the collected signals. Heart sound denoising mainly aim for eliminating interference from heart sound 
signals and saving the effective ones. 
1.1Background of the study 
The study of heart sound denoising was started a little earlier in abroad. Heart sound segmentation 
algorithm based on signal envelope was presented by Liang H, Lukkarinens, Hartimo in 1997. The 
decomposition and reconstruction of wavelet are adopted , Shannon average energy is used in calculation, 
closed values are selected, the peak position is found and s1 and s2 are recognized using wavelet transform. 
The approach to distinguish s1 from s2 was come up with by Hebden and his partners using principle of 
statistics and neural network. It doesn’t have to record heart sounds at the same time as criteria. In this way, 
fortunately, not only storage space is saved, but also the shackles of isolation devices are got rid of. What’s 
more, the cost is saved to some degree. In addition, how to extract s3has become a focus of the study since 
2005.As a result of the low amplitude, low frequency and short duration, extracting s3 become a problem. 
The method of extracting s1 and s2, with which you can get accurate outcome but the calculation is very 
complex, doesn’t apply to s3 any longer. Kumar and his partners firstly separated s1, s2 and s3 from noise 
using wavelet transform-threshold filtering and then use high frequency marking and recognizing s3. 
The analysis of heart sound is still in primary stage in China and time frequency analysis is applied to 
the processing of heart sound. Liner analysis of signals(short-time Fourier analysis, wavelet transform and 
Garbo expanding)and nonlinear time-frequency analysis(winger-Ville distribution, Cohen distribution and 
time-frequency distribution series) was completed and the application and study of heart sounds processing 
was presented. However, the study of heart sound denoising still remains hardware denoising. 
1.2The value of the study 
Heart sound signals contain a lot of physiological and pathological information in the various parts of 
the heart. What’s more important is that heart sound signals are vulnerable for cardiovascular diseases. In 
addition, heart sound detection is an important method of noninvasive detection of cardiovascular diseases. 
In the process of collecting, heart sounds are vulnerable to the outside noise(human respiratory sounds, 
skin friction sound, machine frequency(50HZ),electrical interference with the human body(35HZ) and 
Gaussian white noise in the external environment).Unfortunately, the useful information of heart sounds is 
missing partly. The accuracy and precision of diagnosing disease are lowered. The traditional denoising 
method is merely using hardware denoising but it doesn’t work well. What’s worse, frequency interference 
is easy to be introduced. In this paper, denoising using matlab programming is presented, which minimizes 
the loss of effective information, so that noise is eliminated more effectively. 
2. The construction of heart sounds database 
For the research on heart sound denoising based on MATLAB, denoising must be made on different 
kinds of heart sounds. In this subject, heart sound denoising include normal heart sounds and abnormal heart 
sounds database. The former consists of normal heart sounds, rapid heart beat sounds and normal heart 
sounds at the bottom or the apical of the heart. Meanwhile, the latter involves overlap gallop rateΔsplitting 
of second heart sound, diminished the second heart sound, enhanced the second heart sound, splitting of first 
sound, diminished the first heart sound, varying the strength of the first heart soundΔenhanced the first 
heart sound, mitral inadequacy, wide splitting, continuous murmur ,mild mitral stenosis, ventricular sepal 
defect, reverse split of the elderly heart hypertrophy, heart sound chaos, aortic incompetence, aorta valve 
reflux, narrow aortic valve and regurgitation and enhanced the second heart sound in aortic area and so on. 
Heart sound database contains the detailed analysis and summary of the characteristics of heart sound 
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signals and the comparison between heart sounds and noise is made, which provide heart sound denoising 
with corresponding basis. 
3. Heart sound denoising algorithm and notch filter design 
Steps in the multi-level wavelet decomposition threshold denoising algorithm-heart sound. Heart sound 
denoising algorithm adopts multi-level wavelet decomposition threshold to eliminate noise according to the 
fact that signal and noise wavelet coefficients have different mechanisms at different scales. In wavelet 
domain, the corresponding rules are constructed to handle the wavelet coefficients of noisy signals 
according to their mechanisms and make these coefficients filtered out much more. Meanwhile, wavelet 
coefficient of real heart sound signals are retained to the utmost. Finally, heart sounds are reconstructed 
using the thresholding wavelet coefficients. 
The overall framework of wavelet transform threshold denoising .The second step, the third step and the 
forth step are the core parts of the multi-level wavelet threshold denoising lgorithm. The all collected signals 
are noisy heart sounds. In order to embody the advantage of the referred method, the trial can be done as 
follows: Gaussian white noise is added into the pure signals and then the referred method is used to 
eliminate noise. Finally, make a comprehensive analysis of the two steps and you will clearly see the 
feasibility and practicality of the model. 
3.1 The selection of wavelet basis function: 
The optimal selection of wavelet function is a key of multi-level wavelet transform algorithm. Different 
wavelets have different natures and their corresponding advantages and disadvantages. Furthermore, there is 
no wavelet that takes an absolute advantage in representing all signals. So it is necessary to choose the best 
function based on the facts in the process of use. Currently the principle of combining theories with practice 
is employed. Characteristics of various wavelets are analyzed with theories and the conclusion is made by 
analyzing them comprehensively. Finally, the conclusion is verified with test results and therefore we get 
the appropriate wavelet functions. 
Original heart sound
signal
Decomposite the signal
into 8 layers
Select an approprite
threshold for each layer
Thresholding denoising
Reconstruct signals
Make compairison between reconstructed signals and the
original signals
Figure 1 The overall framework of multi-level wavelet transform threshold denoising 
dbN,symN,coifN and BioNr.Nd can be choosed according that whether these wavelets support the 
compact support. We can choose dbN,symN,coifN and BioNr.Nd on account of whether to support 
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orthogonal analysis or biorthogonal analysis(The choice of orthogonal basis is closer to the actual signal 
itself than the traditional method and biorthogonal wavelet  has a better linear phase).According to the fact 
that whether the wavelet is symmetry, which can avoid phase shift, we can choose symN, coifN and 
BiorNr.Nd. The range of support length with wavelet selection is from 5 to 9,sym’s support length is 2N-1 
and coifN’s is 6N-1.The selection of support length can be based on N. Pay attention to that the length of 
support is neither too short nor too long. Because the too short support length can lead to the too low non-
vanishing matrix.which is disadvantageous to the focus of signal energy. However, too lengthy support 
length can result in border issues. As the experiment verify, the length of compact support ranges form 5 to 
9.Signals ,from which noise has been eliminated are more similar to original signals, which shows that this 
analysis is available. 
3.2 Threshold selection in wavelet transform algorithm  
In the wavelet transform threshold denoising, threshold setting directly affect signal denoising. Currently 
methods of determining the threshold are various, including the universal threshold principle, stein’s 
unbiased like hood threshold principle, the heuristic threshold rule and the extreme threshold rule and so 
on..
Heuristic sure threshold is an integrated form of the first two methods. Because the threshold based on 
sure restrains noise limitedly on the condition of the high signal to noise ratio. This method chooses one of 
the first two thresholds automatically using heuristic function. Maximum variance of the minimum 
threshold. The minimum maximum variance should be produced by the selected threshold. Make 
comparison between the heuristic threshold and the minimum maximum variance threshold and we can find 
that the minimum maximum variance have much more advantages over the other one after many tests. It can 
not only eliminate the related noise, but also make the heart sound signals after denoising more similar to 
the original signals. 
3.3 Setting threshold function 
The different processing strategies to the wavelet coefficients involve hard threshold function and soft 
threshold function. The principles of the two both remove small wavelet coefficients and reserve the big 
wavelet coefficients. In practical applications, hard threshold function as a whole is not continuous, which 
directly lead to the appearance of mutational shock points after denoising. This phenomenon is more 
obvious, as SNR(signal to noise ratio) is higher. On the contrary, soft threshold function can compensate for 
the shortage of the shock. But every coin has two sides and the soft threshold function is not an exception. 
When the wavelet coefficients are big, the constant bias is formed between the processed coefficients and 
the original ones, which may affect the similarity of the reconstructed signals and the original signals. 
However, what’s the most important is the shock problem, so it is better to adopt the soft threshold function. 
3.4 Notch filter design and implementation 
Sampling frequency: Fs=1102HZ,the transfer function of notch filter is:
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Where f0 is the signal frequency which is to be filtered out by a notch filter and a is the depth-related 
parameters with a notch filter. As a is larger, depth is deeper. 
The main function of notch filter design is eliminating 30hz electromechanical interference and 50hz 
power interference. The experiment results show that the design of this type of digital filter not only merely 
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need less computation, but also can eliminate 30hz and 50hz interference effectively. What’s more, the 
effective information loss is very small. 
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Figure2 Frequency distribution of the reduced original signals of the second heart sound and eliminating 35 Hz and 50 Hz interference
4  The experimental results of wavelet transform 
4.1Decomposition levels
Figure 3 Normal heart sounds decomposed in six layers 
     Figure 4 Normal heart sounds decomposed in nine 
layers 
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Figure 5 Normal heart sounds decomposed in eight layers  
Figure 6 SNR before and after denoising
In figure 6, horizontal axis of 1 to 8 indicates: normal heart sounds, diminished the second heart sound, 
splitting of second heart sound, rapid heartbeat, enhanced the first heart sound, mild mitral stenosis, reverse 
split of the elderly heart hypertrophy and ventricular septal defect. 
From figure 3 to 6, we can see that there is the best number of layers when signals are multi-layer 
wavelet decomposed. As the decomposition layer is lower, the increase of SNR is slower. However, if the 
decomposition layer is too high, the effective information may be missing. 
4.2 The processing results of heursure threshold and mininaxi threshold 
In figure 7, horizontal axis of 1-9 indicates in order: Sawtooth signal, normal heart sounds, diminished 
the second heart sound, splitting of second heart sound, rapid heartbeat, enhanced the first heart sound, mild 
mitral stenosis, reverse split of the elderly heart hypertrophy and ventricular septal defect. 
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Figure 7 The processing results of heursure threshold and minimaxi thresholding 
On the condition that their SNR remains unchanged, soft threshold denoising is adopted for the original 
signals. From the results we can see that it is better to adopt minimaxi threshold denoising. This method can 
raise SNR as you like on the condition of saving the effective information. 
4.3 The results of soft and hard thresholding 
Figure 8 The SNR processed by hard thresholding or soft thresholding 
In figure 8, horizontal axis of 1-9 indicates in order: Sawtooth signal, normal heart sounds, diminished 
the second heart sound, splitting of second heart sound, rapid heartbeat, enhanced the first heart sound, mild 
mitral stenosis, reverse split of the elderly heart hypertrophy and ventricular septal defect. 
From figure 8,we can see that the SNR processed by soft thresholding is raised much more than that 
processed by hard thresholding. 
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5. Conclusions 
In this subject, the study and implementation of heart sound denoising are introduced. Powerful image 
processing functions are applied to the subject, with which we can implement software denoising and 
therefore compensate for the shortage of hardware denoising. Multi-level wavelet transform is adopted to 
deal with each level of detail coefficients thresholding to eliminate noise and interference of every 
frequency band. Meanwhile, the design of a notch filter is choosed to filter out frequency interference and 
the body’s electrical and mechanical interference. In the process of the designing, choosing the best wavelet 
basis, determining the best number of decomposition layer of wavelet transform, methods of determining 
thresholds, comparison of thresholdings and the level of raising SNR are analyzed in detail. Coif wavelet 
decomposition of 8 layer is choosed after analysis and the corresponding comparisons. Furthermore, the 
design of digital filters filter out waves digitally, which can compensate for the shortage of analog filters. 
Meanwhile, in this subject, make comparison of the processed results, the results of forced denoising and 
the results of global thresholding denoising and you can see the advantages and flexibility of multi-level 
wavelet transform thresholding denoising. 
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